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19.  ABSTRACT  (Continued) 

The  DNA  Wideband  Satellite  (P76-5)  documented  and  diagnosed  scintillation  effects 
from  VHF  through  S  band,  and  its  successor,  HiLat  (P83-1),  has  built  on  that  information 
and  other  results  of  ionospheric  research  to  provide  considerable  understanding  of  the 
dominance  of  convection  in  the  development  of  sc int i 1 lat ion-producing  irregularities. 
Launched  in  June  of  1983,  HiLat's  five  experiments  have  returned  valuable  information  on 
scintillation  and  on  plasma  behavior  and  its  electrodynamic  environment  in  the  ionospheric 
F  layer  at  high  latitudes.  Its  most  ambitious  experiment  failed,  however,  after  providing 
a  number  of  tantalizing  vacuum  ultraviolet  images  of  the  aurora  before  simultaneous 
scintillation  observations  using  HiLat's  multi-frequency  coherent  beacon  commenced. 

That  disappointment  is  being  remedied,  and  other  objectives  of  DNA's  HANE  program  and 
the  ionospheric  research  program  of  the  Air  Force  Geophysics  Laboratory  are  being 
addressed,  by  launch  of  a  follow-on  Polar  BEacon  and  Auroral  Research  (Polar  BEAR)  satel¬ 
lite,  P87-1.  Polar  BEAR "will  carry  three  ionospheric  experiments:  (1)  a  beacon  func¬ 
tionally  identical  to  that  on  HiLat,  (2)  a  three-axis  vector  magnetometer  for  detecting 
field-aligned  and  other  currents  in  the  ionosphere  and  for  assisting  in  determination  of 
the  satellite's  attitude,  and  (3)  an  improved  imager,  the  Auroral/Ionospheric  Remote 
Sensor  (AIRS).  In  addition  to  providing  images  of  the  aurora  and  airglow  at  four  visual 
and  vacuum  ultraviolet  wavelengths,  AIRS  will  function  as  an  ultraviolet  spectro¬ 
photometer.  Using  AIRS  in  its  imaging  mode  and  receiving  stations  in  Norway,  Greenland, 
Northwest  Territories,  Manitoba,  and  Washington  state,  it  will  be  possible  to  obtain 
images  of  essentially  the  entire  auroral  oval  in  broad  daylight  as  well  as  in  darkness. 

Polar  BEAR  is  scheduled  for  launch  in  the  fourth  quarter  of  CY  1986  into  a  nearly 
circular  orbit  near  1000  km  altitude  and  82  inclination.  That  orbit  will  afford  a  broad 
view  for  AIRS  and  many  opportunities  for  coordinated  observations  of  (1)  scintillation 
using  the  beacons  on  both  HiLat  and  Polar  BEAR,  (2)  major  current  systems  flowing  between 
the  ionosphere  and  magnetosphere  using  the  magnetometers  on  both  satellites,  and  (3) 
energetic  electron  precipitation  and  ambient  plasma  convection  at  800  km  altitude  as 
recorded  with  HiLat's  electron  spectrometer  and  thermal-plasma  monitor.  These  observa¬ 
tions  and  the  macro-scale  context  provided  by  AIRS  should  contribute  significantly  to 
further  understanding  of  plasma  processes  instrumental  to  the  development  of  density 
irregularities  in  the  highly  dynamic  high-latitude  ionosphere. 
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1  HiLat/PoIar  Bear  receiving  stations  and  data  coverage  for  HiLat 
beacon  (solid  circles)  and  in-sit u  (dashed)  experiments  in  offset- 
magnetic-dipole  coordinates.  Two  representative  passes  are  shown. 

2  Data  from  on-board  sensors  taken  during  HiLat  passage  over  auroral 
oval  and  northern  polar  cap  on  23  July  1983. 

3  High-resolution  data  from  near  the  equatorward  edge  of  the  evening- 

side  auroral  oval  traversed  early  in  Figure  2.  Top:  y-axis 

magnetometer  trace.  Middle:  number  and  energy  flux  of  precipi¬ 
tating  electrons.  Bottom:  cross-track  plasma  drift  measured  with 
ion  drift  meter.  (From  Bythrow  et  al ,  1984). 

4  Example  of  edited  and  processed  high-latitude  scintillation  and  TEC 
data  (top  panel)  and  correlative  parameters  obtained  from  HiLat, 
recorded  at  Sondre  Stromfjord  on  16  February  1984. 

5  Contours  of  geometrically  enhanced  equivalent  height-integrated 
strength  of  irregularities  causing  phase  scintillation  in  the  HiLat 
data  base  from  Sondre  Stromfjord  between  Day  249  of  1983  and  Day  123 
of  1985.  The  grid  represents  (the  sine  of)  the  angles  between  the 
line  of  sight,  and  (x)  the  magnetic  meridian  plane  and  (y)  the 
magnetic  L  shell,  both  computed  at  an  F-layer  height  of  350  km.  The 
enhancement  near  the  magnetic  zenith  (center  of  the  plot)  is  the 
signature  of  axially  symmetric  irregularities  (striations)  aligned 
along  the  magnetic  field. 

6  The  two-hour  span  around  18  hours  magnetic  local  time,  which 
displays  the  strongest  signature  of  field-aligned  anisotropy. 

7  Power  spectra  of  VHF  and  UHF  phase  scintillation  recorded  during 
the  scintillation  peak  illustrated  in  Figure  4.  The  power-law 
spectral  index  obtained  from  the  linear  fits  indicated  in  these 
log-log  plots  is  designated  p. 
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power.  (Supplied  by  T.  Potemra,  APL.) 

The  Auroral/Ionospheric  Remote  Sensor  (AIRS).  The  main  instrument 
package  weighs  approximately  22  lbs,  and  the  instrument  uses 
approximately  15  watts  of  power  on  average.  (Supplied  by  R. 
Huffman,  AFGL.) 

Two  views  of  the  Polar  BEAR  Satellite.  Top,  looking  from  its  "right 
side."  Bottom,  looking  from  the  earth.  The  spacecraft's  right- 
handed  coordinate  system  is  such  the  +X  is  directed  along  the 
nominal  orbital  velocity  vector,  and  +Z  is  directed  toward  the 
earth.  (Supplied  by  D.  Grant,  APL.) 

Maximum  elevation  angle  achievable  by  Polar  BEAR  in  its  nominal 
orbit  during  passes  over  a  high-latitude  station,  Sondre 
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least  30".  Solid  lines  outline  corresponding  pass-time  bands  for 
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Diane  at  the  beginning  of  the  epoch.  Illustrating  solar-time 
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between  their  rates.  (Supplied  by  R.  Livingston,  SRI.l 
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SECTION  1 
INTRODUCTION 


In  carrying  out  its  mission  of  predicting  and  assessing  potential  nuclear 
effects  on  military  systems,  the  Defense  Nuclear  Agency  (DNA)  conducts  research 
programs  at  all  atmospheric  levels  from  the  surface  through  the  ionosphere. 
Against  the  background  of  sustained  success  enjoyed  by  the  Limited  Nuclear  Test  Ban 
Treaty,  refining  and  extending  such  predictions  and  assessments  requires 
extrapolation  from  fundamental  knowledge  about  the  atmosphere  and  its  dynamic 
processes.  Given  the  established  utility  of  space-based  elements  in  Cl  systems 
and  the  attention  presently  being  focused  on  space-based  defense  systems  under  the 
Strategic  Defense  Initiative  (SDI),  high-altitude  nuclear  effects  (HANE)  and  their 
potential  interaction  with  the  ambient  ionosphere  are  of  particular  current 
interest . 

Central  to  DNA's  HANE  Program  is  understanding  the  dynamics  of  large  plasma 
patches  introduced  into  the  ionosphere  and  subsequently  acted  upon  by  the  earth's 
electric  and  magnetic  fields  and  by  winds  blowing  in  the  surrounding  neutral 
atmosphere.  Even  at  very  late  times  after  injection  of  such  plasmas,  their  convec- 
tive  motions  and  attendant  structuring  can  cause  disruptive  scintillations  to  Cl 
systems  due  to  radiowave  scattering  produced  by  the  structures.  Infrared,  visual- 
wavelength,  and  ultraviolet  emissions  from  these  plasmas,  from  their  background, 
and  especially  from  structures  in  both  also  can  be  disruptive  to  electro-optical 
sensors  and  systems. 

The  fundamental  importance  of  convective  instabilities  in  generating  struc¬ 
tures  that  can  cause  radiowave  scintillation  and  optical  fluctuations  has  been 
established  for  some  time.  Important  contributions  to  identifying  the  importance 
of  such  instabilities  were  made  by  the  DNA  research  community  in  mid-latitude  field 
programs  of  ionospheric  Barium  release,  in  detailed  and  sustained  observations  of 
the  more  dynamic  but  still  relatively  simple  ambient  equatorial  ionosphere,  and  in 
theoretical  analyses  and  numerical  simulations  of  the  plasma  dynamics  involved. 

Having  achieved  a  good  deal  of  fundamental  understanding  in  the  afore¬ 
mentioned  programs,  DNA  more  recently  has  attacked  the  far  more  complex  problem  of 
ionospheric  plasma  dynamics  at  high  latitudes.  Building  on  the  survey  information 
returned  by  its  single-experiment  radio  beacon  satellite.  Wideband  (Rino  et  al, 
1977  ;  Fremouw  et  al ,  1978),  DNA  has  focused  its  ionospheric  attention  on  those 


regions  between  the  plasmapause  and  the  geomagnetic  pole,  by  means  of  a  multi¬ 
experiment  satellite,  HiLat  (Fremouw,  1983;  HiLat  Science  Team,  1984;  Fremouw, 
1985). 

HiLat  (P83-1)  was  launched  into  a  high-inclination,  circular  orbit  near  800  km 
altitude  on  27  June  1983.  In  addition  to  a  five-frequency,  coherent  radio  beacon 
based  on  the  ten-frequency  Wideband  design,  it  carries  four  other  experiment 
packages  for  in-situ  and  remote  sensing  of  the  ionospheric  plasma,  its  optical 
emissions,  and  its  electromagnetic  environment.  While  one  of  three  sensors  in  one 
of  those  four  experiment  packages  was  damaged  on  launch,  and  while  there  have  been 
some  other  instrument  failures  in  the  almost  three  years  since  HiLat’ s  launch,  its 
beacon  remains  fully  operational  and  continues  to  return  direct  information  on 
radiowave  scintillation  as  well  as  highly  useful  and  informative  telemetry  from  the 
other  healthy  instruments.  A  brief  review  of  HiLat's  operational  history  and 
salient  scientific  results  to  date  will  be  given  in  Section  3. 

To  further  the  objectives  of  DNA's  high-latitude  HANE  research  program,  which 
will  be  sketched  in  Section  2,  the  Polar  BEacon  and  Auroral  Research  (Polar  BEAR) 
satellite,  P87-1,  will  be  launched  as  a  companion  to  HiLat  into  a  somewhat  higher 
(1000  km)  orbit  at  the  same  inclination  (82°)  late  in  1986.  While  being  shared 
with  a  payload  not  of  concern  here,  Polar  BEAR  will  carry  three  experiment  packages 
integral  to  DNA's  Hilat/Polar  BEAR  ionospheric  objectives.  Indeed,  the  three  are 
those  originally  suggested  by  the  author  (Fremouw,  1980,  1981)  for  what  became  a 
more  ambitious  HiLat  mission,  namely  a  coherent  beacon,  a  magnetometer,  and  an 
auroral  imager. 

The  Polar  BEAR  Beacon,  built  by  SRI  International  as  a  successor  to  its 
successful  HiLat  Beacon,  will  enlarge  our  data  base  on  high-latitude  scintillation 
substantially.  Not  only  will  it  produce  more  frequent  passes  over  existing 
receiving  stations,  but  it  should  extend  continuous  observations  through  a  sub¬ 
stantial  portion  of  the  solar  activity  cycle.  Of  at  least  equal  importance,  since 
it  will  carry  telemetry  from  Polar  BEAR'S  other  two  instruments,  it  will  permit 
coordinated  imaging  of  the  aurorc  "id  scintillation  measurements. 

Polar  BEAR's  magnetometer,  being  provided  by  Johns  Hopkins  University's 
Applied  Physics  Laboratory  f APL 1 ,  is  of  advanced  design  and  will  be  operated  in  a 
magnetically  quieter  host  environment  than  its  predecessor  on  Mil  at.  Finally,  the 
new  imager  not  only  will  follow  up  on  tantalizing  n'ght.side  and  davside  auroral 
images  produced  by  n i L a t  prior  to  failure  of  its  imager1  <;  power-  supply,  hut  H  also 
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will  be  a  substantially  improved  instrument.  It  is  being  provided  by  APL  and  the 
Air  Force  Geophysics  Laboratory  (AFGL).  Each  of  the  Polar  BEAR  ionospheric 
payloads  will  be  described  in  Section  4.  The  satellite  and  its  orbit  will  be 
described  briefly  in  Section  5. 

The  network  of  receiving  stations  established  for  HiLat  will  be  employed  for 
Polar  BEAR  as  well,  with  some  stations  being  augmented  for  two-satellite  operation 
and  avoidance  of  mutual  interference.  The  data  will  be  analyzed  and  interpreted  by 
a  team  of  scientists  from  the  aforementioned  organizations;  Physical  Dynamics, 
Inc.'s  Northwest  Division  (PDNW);  Mission  Research  Corporation  (MRC);  the  Naval 
Research  Laboratory  (NRL);  other  contractors  of  DNA,  AFGL,  and  NRL;  and  Canadian 
participants.  Station  operations  and  data  analysis  and  exchange  will  be  outlined 
in  Section  6. 


SECTION  2 


OBJECTIVES 

The  overall  objectives  of  DNA's  HANE  research  program  are  quite  broad, 
involving  the  understanding  of  many  phenomena  that  would  follow  a  nuclear  burst  at 
high  altitudes  and  applied  to  many  types  of  military  systems.  Those  objectives 
served  by  HiLat/Polar  BEAR  are  classified  as  late-time  ones,  when  interest  centers 
on  the  behavior  and  effects  of  plasma-density  enhancements  introduced  by  the 
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explosion,  when  the  large-scale  magnetic  field,  B,  in  which  the  plasmas  reside  has 
returned  essentially  to  ambient,  and  when  transients  in  the  electric  field,  E,  have 
decayed  to  an  electrostatic  state. 

Under  the  above-described  late-time  conditions,  high-altitude  plasma  convects 
under  the  influence  of  an  E  x  B  force,  moving  through  the  background  neutral  gas, 
which  itself  may  be  in  motion  due  to  neutral  winds  produced  by  both  the  hot  burst 
and  ambient  conditions.  Plasma  enhancements  then  are  subject  to  convective 
instability  of  their  associated  gradients,  leading  to  smal ler-scale  structures. 
The  aggregate  of  plasma  structures,  both  the  convecting  large-scale  patches  and 
their  evolving  smal ler-scale  substructures  and  striations,  can  disrupt  Cl  systems 
by  means  of  radiowave  refraction  and  scattering,  or  scintillation,  and  spatially 
structured  optical  emissions  therefrom  are  of  concern  for  electro-optical  sensors. 

The  ultimate  objectives  of  HiLat/Polar  BEAR  are  to  provide  a  sound  scientific 
basis  for  designing  Cl  systems  and  electro-optical  sensors  that  effectively  will 
be  immune  from  disruption  by  the  effects  of  structured  high-altitude  plasmas  and  to 
identify  effects  not  likely  to  be  surmounted  by  design  choices.  Signal-statisti¬ 
cal,  propagation-theoretical,  and  radiative-transfer  tools  for  doing  so  exist,  and 
descriptive  information  on  the  relevant  structures  is  being  accumulated  rapidly  by 
means  of  HiLat.  The  specific  objectives  for  which  Polar  BEAR  is  being  launched 
will  be  described  at  the  end  of  this  section.  First,  we  point  out  the  HANE 
objectives  most  closely  tied  to  high-latitude  ionospheric  research,  which  are 
double-edged . 

The  high-latitude  ionospheric  F  layer,  in  both  its  auroral  (sub-polar)  and 
polar  regimes,  is  replete  with  naturally  occuring  arcs,  blobs,  patches,  and  other 
forms  of  plasma  enhancement.  Moreover,  the  cross-polar-cap  electric  field 
generated  by  the  solar  wind's  interaction  with  the  earth's  magnetosphere  provides  a 


ready  source  of  free  energy  for  convectively  transporting  such  features  through 
large  distances.  The  attendant  dynamics  are  sufficiently  closely  related  to  those 
that  would  act  on  high-altitude  nuclear  plasmas  that  properly  interpreted  observa¬ 
tions  of  the  former  are  providing  insight  into  the  evolutionary  development  of  the 
latter. 

The  second  HANE  objective  of  HiLat/Polar  BEAR  --  the  back  edge  of  the  first, 
as  it  were  --  has  to  do  specifically  with  the  high-latitude  environment  itself. 
The  two-satellite  program  affords  a  context  in  which  to  formulate  and  probe 
pertinent  questions  that  only  recently  have  begun  to  be  asked,  questions  such  as: 
What  would  be  the  geophysical  consequences  of  large-scale  nuclear  engagement  at 
high  latitudes?  These  tend  to  be  macro-  and  global-scale  questions,  a  pertinent 
one  being  the  consequences  of  substantially  altering  the  plasma  content  and  conduc¬ 
tivity  on  magnetic  flux  tubes  extending  to  great  altitudes  and  into  the  earth’s 
magneto-tai 1 . 

Interpretation  of  data  being  returned  from  HiLat,  especially  when  macro-scale 
and  quasi-global  images  of  the  aurora  at  visual  and  ultraviolet  wavelengths  are 
added  from  Polar  BEAR,  should  provide  oportunity  to  begin  addressing  the  foregoing 
questions.  At  the  same  time,  guidance  in  posing  the  questions  in  an  orderly  and 
productive  manner  should  come  from  global-scale  ionospheric/magnetospheric 
modeling  being  intiated  at  NRL  (Fedder  et  al ,  1986)  by  means  of  numerical  simula¬ 
tion. 

Returning  to  the  more  specific  objective  of  understanding  the  plasma  dynamics 
leading  to  potentially  disruptive  density  structure,  several  hypotheses  are  being 
explored.  Prior  to  launch  of  HiLat,  two  broad  classes  of  competinq  hypotheses  were 
before  us.  First  was  the  view  that  the  dominant  source  mechanism  for  scintil¬ 
lation-producing  irregularities  is  convective  instability,  proceeding  inde¬ 
pendently  of  latitude,  origin  of  the  plasma,  and  other  circumstances.  The  opposite 
view  was  that  the  plasma  source  plays  a  dominant  role  in  dictating  the  shape  and 
strength  of  the  irregularities  and,  therefore,  the  specifics  of  scattering 
geometry  and  severity.  In  the  ambient  high-latitude  ionosphere,  for  instance,  the 
latter  view  would  postulate  that  the  spatial  spectrum  of  scintillation-producing 
irregularities  is  laid  down  directly  by  structured  particle  precipitation. 

To  date,  HiLat  has  presented  no  convincing  evidence  to  support  the  latter 
view.  Convection  through  the  background  atmosphere  appears  to  be  the  dominant 
factor  at  high  latitudes,  just  as  it  is  near  the  equator  and  (in  the  appropriate 
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reference  frame)  for  test  plasmas  artifically  introduced  (by  means  of  Barium 
releases)  into  the  ionosphere  at  middle  latitudes.  Moreover,  the  accumulating  data 
base  suggests  that  the  irregularity  spectrum  and  its  evolution  are  quite  inde¬ 
pendent  of  the  specific  convective  driver  (gravity,  neutral  winds,  or  electro¬ 
static  convection  augmented  by  field-aligned  currents).  This  behavior  strengthens 
confidence  in  the  extrapolation  of  crucial  results  from  ambient  observation  to 
nuclear  application. 

While  the  irregularity  spectrum  appears  quite  universally  to  be  well 
described  by  a  power-law  decay  from  large  structures  to  smaller  ones,  there  are 
spectral  features  and  trends,  as  well  as  questions  of  three-dimensional  configura¬ 
tion  (anisotropy  of  the  irregularities  and  their  spectrum)  still  to  be  clarified 
and  understood.  For  instance,  breaks  between  somewhat  different  power-law  regimes 
exist  in  both  equatorial  and  high-latitude  irregularity  spectra.  The  nature, 
consistency,  and  variations  in  these  breaks  currently  are  being  explored  by  means 
of  spectra  from  HiLat,  Wideband,  and  other  satellites,  and  understanding  their 
origin  and  behavior  will  be  an  objective  in  the  Polar  BEAR  era. 

Regarding  three-dimensional  configuration,  HiLat  has  established  that 
anisotropy  of  irregularity  structures  in  the  plane  normal  to  the  magnetic  field  is 
limited  to  a  narrow  belt  of  geomagnetic  latitude  associated  with  the  nightside 
diffuse  aurora,  ionospheric  irregularities  elsewhere  being  elongated  only  along 
the  field.  Understanding  this  fact  in  light  of  the  known  evolution  of  convectively 
developed  structures  also  will  be  an  objective  in  the  Polar  BEAR  era. 

While  HiLat  has  reinforced  earlier  indications  of  the  overriding  importance 
of  convection  in  irregularity  production,  it  also  has  introduced  a  nuance  regarding 
the  influence  of  shears  in  the  convection  velocity.  Some  HiLat  and  other  observa¬ 
tions  (Basu  et  al,  1986;  Bythrow,  1986)  suggest  a  contribution  to  irregularity 
development  by  shear-driven  instabilities  in  addition  to  those  already  known  to 
develop  in  a  uniform  convective  flow.  An  objective  during  Polar  BEAR  will  be  to 
establish  whether  shear  is  a  significant  factor  in  development  of  scintillation- 
producing  irregularities  or  only  a  minor  influence  in  determining  irregularity 
configuration. 

The  Polar  BEAR  satellite  itself  will  contribute  in  several  ways  to  meeting  the 
objectves  of  DNA's  high-latitude  HANE  program  and  the  closely  related  objectives  of 
AFGL's  program  of  ionospheric  research.  First  and  foremost,  its  visual /ultra¬ 
violet  imager  will  provide  macro-scale  plan-view  images  of  the  aurora,  both  at 


night  and  in  broad  daylight,  to  provide  a  context  in  which  to  relate  data  from  the 
other  HiLat  and  Polar  BEAR  sensors  to  global-scale  ionospheric/magnetospheric  pro¬ 
cesses.  This  objective  was  not  met  by  HiLat  due  to  early-mission  failure  of  its 
imager.  The  effort  will  be  augmented  by  the  improved  magnetometer  on  Polar  BEAR, 
which  will  be  used  not  only  for  determining  spacecraft  attitude  and  therefore  image 
registration,  but  also  to  relate  the  auroras  imaged  and  other  phenomena  detected  by 
HiLat  and  Polar  BEAR  to  major  systems  of  field-aligned  currents  flowing  between  the 
ionosphere  and  the  magnetosphere. 

A  second  specific  objective  of  Polar  BEAR  is  to  extend  observations  of 
radiowave  scintillation  into  the  rising  phase  of  the  new  solar-activity  cycle,  even 
if  the  now-three-year-old  radio  beacon  on  HiLat  should  fail.  While  both  are 
operating,  an  objective  will  be  to  obtain  double  or  multiple  looks  (using  both 
satellites  and  two  or  more  ground  stations  simultaneously)  through  the  ionosphere 
to  sort  out  questions  of  aspect  sensitivity,  spatial  variation,  and  temporal 
development  in  scintillation-producing  structures,  using  Polar  BEAR'S  images  as  a 
guide  to  i nterpretat i ons . 


SECTION  3 


HILAT 

3.1  OPERATIONAL  HISTORY. 

The  HiLat  Satellite  was  launched  on  27  June  1983,  carrying  five  experiments. 
Table  1  lists  the  experiments,  their  intended  purposes  and  basic  characteristics, 
and  the  principal  experimenters  associated  with  each.  Data  are  collected  by  means 
of  real-time  transmissions  to  the  four  high-latitude  receiving  stations  shown  by 
encircled  stars  in  Figure  1,  which  are  as  follows:  Tromso,  Norway  (auroral  zone); 
Sondre  Stromfjord,  Greenland  (polar  cusp);  Churchill,  Manitoba  (auroral  zone);  and 
Bellevue,  WA  (plasmapause) .  A  fifth  station  (non-circled  star)  operates  sporadi¬ 
cally  at  Inuvik,  Northwest  Territories  (auroral  cusp).  The  Bellevue  receiver, 
nicknamed  Rover,  is  transportable  to  other  locations  for  limited-duration 
observing  campaigns. 

The  experiment  payloads  normally  are  operated  over  the  northern  quadrisphere 
of  the  earth,  although  they  car  be  turned  on  for  any  quarter  of  the  orbit.  The 
satellite  is  in  an  approximately  800-km  circular  orbit  at  82°  inclination,  and  the 
orbital  plane  precesses  through  24  hours  of  solar  time  approximately  twice  per 
year . 

Following  launch,  all  HiLat  experiments  operated  as  designed,  with  the 
exception  of  the  electron  sensor  (Langmuir  probe)  of  the  plasma  monitor.  The 
connection  from  its  electronics  package  to  the  outer  grid  of  the  probe  was  severed 
during  launch  or  orbital  insertion,  resulting  in  a  locally  floating  ground.  The 
probe  continues  to  detect  electrons,  but  they  are  of  unknown  superthermal  energy 
rather  than  the  ambient  thermal  electrons  for  which  the  sensor  was  designed. 

More  distressingly,  the  high-voltage  power  supply  to  the  imaging  vacuum- 
ultraviolet  spectrophotometer  in  the  AIM  (Auroral  Ionospheric  Mapper)  optics 
package  failed  after  producing  several  tantalizing  images  of  both  the  nightside  and 
dayside  aurora.  Images  were  produced  simultaneously  with  collection  of  energetic- 
electron  spectra  and  data  from  toe  magnetometer  and  plasma  probe  on  approximately 
forty  passes  during  the  engineering  initialization  phase  of  the  mission. 
'Jnf ortunately  the  failure  occurred  prior  to  activation  of  the  fully  equipped  HiLat 
receiving  stations  for  the  operational  phase  of  the  mission.  Consequently,  beacon 
data  were  not  collected  simultaneously  with  production  of  images,  which  therefore 
now  constitutes  a  major  goal  of  Polar  BEAR. 
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On  both  HiLat  and  Polar  BEAR,  the  magnetometer  serves  a  dual  purpose.  First, 
it  plays  a  direct  scientific  role  in  recording  fluctuations  in  the  magnitude  and 
direction  of  the  earth's  magnetic  field  at  the  satellite  height.  Especially 
important  in  this  regard  are  the  x  and  y  sensors,  which  measure  perturbations  in 
the  two  orthogonal,  horizontal  components  of  the  field.  These  components  are 
sensitive  to  currents  flowing  in  and  out  of  the  ionosphere  along  the  highly 
inclined  lines  of  the  main  geomagnetic  field.  The  magnetometer's  second  role  is  to 
provide  information,  along  with  optical  solar  sensors,  for  determining  spacecraft 
at4  itude.  The  plasma  monitor,  electron  spectrometer,  and  optics  experiments 
r^guire  knowledge  of  attitude  within  a  few  degrees  for  data  analysis. 

Both  control  and  sufficiently  accurate  determination  of  attitude  have  been 
problems  in  HiLat.  The  vehicle  is  a  modified  Transit  (Oscar)  Navy  Navigation 
Satellite,  the  oitch  and  roll  of  which  are  controlled  by  a  gravity-gradient  boom 
and  mass.  For  HiLat,  a  momentum  wheel  was  added  to  control  yaw.  Attitude  was  to 
have  been  controlled  within  ‘10°  about  all  three  axes,  which  has  been  achieved  some 
of  the  time.  During  epochs  of  full  sun,  however,  these  specifications  are 
exceeded.  Most  notably,  yaw  oscillations  upwards  of  ‘.'25°  are  experienced  when  the 
orbital  plane  is  near  the  terminator. 

Because  attitude  determination  requires  identif ication  of  the  sun's  bearing 
from  the  satellite,  it  is  directly  determinable  only  on  the  day  side  of  the  earth. 
Drior  to  launch,  it  was  planned  to  extrapolate  the  attitude  determined  on  the  day 
side  by  means  of  dynamic  modelling  of  spacecraft  oscillations.  After  launch, 
however,  unexpected  modes  of  oscillation  were  noted,  and  dynamic  extrapolation  has 
not  been  performed.  The  gravity-gradient  boom  undergoes  sudden  bending,  due  to 
thermal  stresses,  as  the  satellite  crosses  the  terminator.  This  impulsive  bending 
sets  off  dynamic  oscillations  about  the  pitch  and  roll  axes  in  an  unexpected  mode 
with  a  period  of  about  ten  seconds. 

The  oscillation  is  small,  on  the  order  of  a  degree,  and  is  sufficiently 
°v-dent  in  the  magnetometer  outputs  that  it  is  not  a  serious  threat  to  data 
analysis.  The  unanticipated  dynamic  behaviors,  however,  have  Drecluded  routine 

extrapolation  of  dayside  attitude  on  the  riqht  side  of  the  earth.  Instead, 
"'qhtsi.le  attitude  is  determined  only  for  specific  passes  of  interest,  employing 
p1  a  sma-mon  i  to’-  data  and  an  assumption  that,  the  ionospheric  plasma  ro-rot  at.°s  with 
the  earth  at  middle  latitudes.  The  gravity-gradient  boom  hws  been  redesigned  f r>r 
BFAu  to  3'‘n  vn4  the  r^mpl  :ra*  :ng  dynamic  beh.av  ’O^s . 
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Further  difficulty  in  determining  HiLat’s  attitude  has  been  experienced  due 
to  bias  changes  in  the  magnetometer.  Given  knowledge  of  the  three  magnetometer 
biases,  three-axis  attitude  could  be  determined  to  within  ‘2°  (*1°  with  smoothing). 
The  magnetometer  biases  were  carefully  measured  before  launch,  but  it  emerged  soon 
after  launch  that  they  were  not  fixed.  The  x-axis  bias,  in  particular,  drifted  at 
a  rate  of  about  250  nanoteslas  (nt)  per  day  early  in  the  mission.  The  drift 


approached  an  asymptote  and  stabilized  at  -45,000  nt  ±  random  variations  of  about 
4,000  nt.  The  y-  and  z-axis  magnetometers  showed  no  steady  drift,  but  their  biases 
varied  by  about  -1,000  nt.  These  trends  and  variations  required  addition  of 
iterative  bias  estimation  to  the  attitude-determination  code  used  for  routine 
processing  of  HiLat  data  tapes. 

After  approximately  two  years  of  operation,  the  z-axis  magnetometer  suffered 
a  sudden  shift  in  bias,  which  saturated  its  output  and  rendered  it  effectively 
inoperative.  By  far  the  least  important  of  the  three  magnetometers  for  scientific 
■se,  loss  of  the  z  sensor  nonetheless  did  further  complicate  attitude  determina¬ 
tion.  A  means  for  reasonably  accurated  determination  was  devised,  however,  employ¬ 
ing  the  real-time  x  and  y  measurements  in  conjunction  with  the  International 
Geomagnetic  Reference  Field  model  to  estimate  z.  A  totally  new  three-axis  magne¬ 
tometer  will  be  employed  in  Polar  BEAR. 

In  November  of  1985,  the  power  supply  for  the  AIM  photometers  failed,  ter¬ 
minating  all  optics  measurements  from  HiLat.  The  beacon,  the  ion  sensors  (RPA  and 
I  DM )  in  the  plasma  monitor,  the  energetic-electron  spectrometer ,  and  the  x-axis  and 
y-axis  magnetometers  continue  to  function  well  and  to  provide  useful  data  from 
HiLat. 

3.2  A  SAMPLING  OF  RESULTS  TO  DATE. 

Prior  to  its  early  demise,  AIM  prov*uced  some  spectacular  images  of  the  vacuum- 
ultraviolet  aurora,  including  the  first  auroral  images  taken  in  broad  daylight, 
"ome  of  these  images  have  been  published  elsewhere  (Huffman  and  Meng,  1984; 
"chenk»l  et  al ,  1985;  rremouw  et  al ,  1985).  Pertinent  to  the  present  discussion  is 
that  aop-',ar’ng  as  Dlate  1  in  the  paper  by  Fremouw  et  al  (1985).  Figure  2  shows 
o  a  r  *  ;  a  ’  da*  a  f<-on  the  in-si tu  instruments  recorded  during  that  pass  with  a 
m  a  <  s  h  i f  t  ; at  receiver  set  up  temporarily  at  the  ESRANGE  Station  at  Kiruna, 
w“  f-o .  At  i’-'Tj*  AQr,70  spc  ! IT ,  HiLat  passed  from  the  diffuse  aurora  into  the 
1  • r  - '-p*p- a,  i/i’  an  the  evening  side  of  the  earth  (-1940  Magnetic  Lc~al  Time,  ML  T ) 
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near  69°  magnetic  Eccentric  Dipole  Latitude  (ELAT).  Dynamic  energy  spectra  from 
the  three  directional  energetic-electron  sensors  (Plate  2  in  Fremouw  et  al ,  1985) 
showed  strengthening  and  hardening  of  both  precipitating  and  upwelling  electrons 
as  the  discrete-arc  oval  was  reached,  which  persisted  until  the  satellite  passed 
into  the  polar  rain  about  100  sec  later.  After  traversing  the  polar  cap,  HiLat 
encountered  the  morning-side  oval  near  75°  ELAT  at  about  70000  sec  UT. 

The  two  traverses  of  the  discrete-arc  oval  are  demarked  clearly  in  Figure  2  by 
elevated  fluxes  of  precipitating  electrons  (JTOT),  multiple  current  sheets 
inferred  from  the  magnetometer,  and  directly  by  the  vuv  emission  recorded  in  AIM's 
nadir  pixel.  The  thermal-ion  sensors  disclosed  rapid  shear  flows  in  the  auroral- 
oval  plasma,  with  the  horizontal  ion  velocity  closely  correlated  with  the  magnetic- 
field  perturbat ions  on  the  evening  side.  They  also  showed  elevated  plasma  density 
on  the  evening  side,  incl  ling  the  region  of  diffuse  aurora,  as  compared  with  the 
early-morning  side,  and  some  density  enhancement  associated  with  the  nightside 
arcs.  Although  many  topside  density  enhancements  are  related  to  precipitating- 
electron  flux,  there  is  by  no  means  a  one-to-one  correspondence . 

The  brightest  auroral  region  was  one  of  generally  upward  current,  presumably 
carried  by  the  precipitating  energetic  electrons  represented  in  the  top  trace  in 
Figure  2.  The  magnetometer,  however,  indicated  an  intricate  pattern  of  currents 
locally  flowing  downward  and  upward,  as  superimposed  on  an  enlarged  auroral  image 
in  Plate  3  of  Fremouw  et  al  (1985'.  The  locally  strongest  current  was  one  flowing 
downward  near  HiLat*  s  first  encounter  with  the  auroral  form.  The  high-resolution 
plots  in  Figure  3  disclose  a  complex  of  electrodynamic  phenomena  associated  with 
the  current,  as  uncovered  and  analyzed  by  Bythrow  et  al  (19841. 

r irst ,  direct  application  of  Ampere's  law  yields  an  evaluation  of  the  current 
'tself.  Specifically,  given  the  orientation  of  the  magnetometer's  x,  y,  and  z 
sensors,  the  stepp  inclination  of  the  field  lines,  and  the  satellite  velocity  (7.44 
km  'sec  in  the  x  direction),  one  finds  from  the  rate  of  change  of  the  y-component  B- 
field  ■ i n  nanotesl as/sec 1  that  the  field-aligned  current  was  approximately 
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which  is  the  strongest  downward  flowinq  Birkeland  current  yet  observed  on  any 
satell i te. 

The  middle  two  panels  disclose  a  discontinuity  in  the  number  flux  and  energy 
flux  of  precipitating  electrons  about  ?  km  (1/4  seel  equatorward  of  the  current 
sheet.  Bythrow  et  cil  119841  analyzed  the  electron  energy  spectra  obtained  at  the 
foot  and  at  the  tOD  of  the  discontinuity  to  infer  plasma-density  profiles  and 
correspond i nq  * i eld- 1 i ne- integrated  Pedersen  conductivities.  What  they  found  was 
an  x-directed  conductivity  gradient  of  0  mhos/km.  Given  a  mi nus-x-d i rected  (i.e., 
sou  thw3r'  J '  elect'’’':  field  of  48  mv'm,  the  conductivity  gradient  is  sufficient  to 
account  f  O'*  the  1  -  a  1 ;  qned  cj'-'-ent.  as  follows* 

it*  "'ll  1  -'t’t  i  .  (2) 

■  •  :  ‘  *  *•-  ■  •*  <  '  '  v  ■'  nns  ’Stent  with  a  va  1  ue 

‘  '•  ’  -  •  '  '  "  •  *  *  *  -  t  v  d  i  s '  on  t  i  nu  i  t  V , 

*■  *  :  ’’  i  oi-vp’  vty  variation 
'  ■■■  *  *  *  .-  ■>*'  r  ■  a  j>*e  a.  These 


e  *  w  *  t  h  the  field- 

i‘*  .  the  ■  j’*»*Pf)  t 


=  30  km/sec. 


(4) 


3z  „  6  x  10^  el/cm2  sec 
ene  2  x  104  el/cm3 


Now,  a  cross-field  gradient  length  of  about  3  km  was  observed  for  the  precipi- 
tating-electron  flux  from  which  the  Pedersen  conductivity  was  deduced.  This  com¬ 
bination  of  plasma-density  gradient  and  drift  velocity  is  ample  to  trigger  the 
current-convective  instability,  a  member  of  the  family  of  convective  interchange 
instabilities  that  plays  a  dominant  role  in  the  development  of  scintillation- 
producing  irregularities. 

Unfortunately,  the  foregoing  observations  were  made  before  the  complete  HiLat 
stations,  with  their  beacon  receivers,  were  operating.  Since  that  time,  however, 
numerous  scintillation  observations  have  been  made,  ranging  from  weak  intensity 
and  phase  fluctuations  at  the  plasmapause  (from  Bellevue  and  on  a  Rover  field  trip 
to  AFGL  at  Hanscom  Field)  to  much  stronger  scintillations  observed  in  the  auroral 
zone  and  in  the  polar  cap  and  cusp. 

A  typical  example  of  polar  scintillation  and  correlative  measurements  is 
displayed  in  terms  of  reduced  parameters  on  the  standard  edited-data  summary  chart 
reproduced  in  Figure  4.  From  top  to  bottom,  the  three  data  panels  respectively 
contain  beacon  data,  parameters  relating  to  auroral  precipitation,  and  information 
on  the  density  and  drift  velocity  of  the  thermal  plasma  at  the  satellite.  Above 
and  between  the  panels  are  various  scales  relating  to  the  location  and  time  of  the 
observations,  plus  relevant  propagation  angles.  The  former  include  the  magnetic 
apex  latitude  of  the  satellite,  the  F-layer  radiowave  penetration  point,  and  the  F- 
layer  footprint  of  the  field  line  through  the  satellite,  as  well  as  magnetic 
(eccentric  dipole)  time  at  the  satellite. 

The  auroral -precipitation  data  include  the  log  of  low-energy  electron  number 
flux,  the  vertical  current  densities  derived  from  the  x  and  y  (horizontal)  magne- 

O 

tometer  sensors,  and  the  log  of  the  output  from  the  nadir-viewing  6300  A  telephoto¬ 
meter  (absent  in  the  daytime  pass  illustrated).  The  cold-plasma  measurements 
displayed  include  the  ion  density  from  the  drift  meter  and  the  three  component 
velocities  from  the  drift  meter  and  RPA.  (The  example  shown  is  from  a  time  prior  to 
automated  processing  of  RPA  measurements,  so  there  is  no  x-velocity  trace.) 

The  panel  of  beacon  data  contains  measurements  of  TEC  and  of  intensity  and 
phase  scintillation.  Specifically,  VTEC  is  the  vertical  equivalent  total  electron 
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content,  VS4V  is  the  VHF  scintillation  index  converted  to  an  equivalent  vertical 
measurement,  and  the  remaining  (solid)  curve  is  a  phase-scintillation  index.  Both 
the  intensity  and  phase  scintillation  indices  are  edited  automatically  according 
to  criteria  chosen  to  exclude  dead  channels,  interference,  and  the  like. 

For  phase,  the  VHF  index  is  scaled  from  UHF  if  the  former  is  contaminated  and 
the  latter  passes  all  editing  tests.  The  S  in  VTVS  stands  for  "scaled"  to  indicate 
this  possibility.  The  basic  parameter,  T,  is  the  power  spectral  density  (PSD)  at  a 
fluctuation  frequency  of  1  Hz  (Rino,  1979)  derived  from  a  single-reqime  power-law 
fit  through  the  fast  Fourier  transform  of  the  phase  time  series  measured  over  a  30- 
sec  window.  This  PSD  is  divided  by  the  secant  of  the  radiowave  incidence  angle  on 
the  F  layer  to  produce  an  equivalent  vertical  parameter.  Finally,  the  square  root 
of  VTVS  is  taken  to  produce  a  parameter  proportional  to  the  electron-density 
fluctuation  rather  than  its  square. 

The  dominant  scintillation  feature  of  the  pass  shown,  which  occurs  on  many 
passes,  is  the  four-fold  increase  in  > VTVS  near  the  point  of  closest  alignment  of 
the  radio  propagation  vector  with  the  magnetic  field  line  at  the  F-layer  penetra¬ 
tion  point  (indicated  by  the  minimum  in  "Br iqgs-Park in"  angle).  While  T  has  been 
converted  to  a  vertical  equivalent  parameter,  VTVS,  otherwise  it  has  been  left 
unadjusted  for  geometrical  effects.  The  proximity  of  the  prominent  scintillation 
feature  to  the  magnetic  zenith,  therefore,  is  an  indication  that  it  resulted  from 
geometrical  enhancement  by  anisotropic  i rregul ari ties . 

Moreover,  the  fact  that  the  feature  occurred  at  the  minimum  off -field  (Briggs- 
parkin)  anqle  and  not  as  the  line  of  sight  grazed  through  the  local  L-shell 
(minimum  off-shell  angle  =  0)  indicates  that  the  anisotropy  was  field  aligned,  in 
contrast  to  the  additional  cross-field  anisotropy  experienced  in  the  night-side 
auroral  oval  at  latitudes  such  as  that  of  Poker  Flat  (Fremouw  et  al ,  1977;  Rino  et 
al,  1978).  It  is  interesting  to  note,  also,  that  the  most  prominent  TFC  feature 
observed  on  this  pass  was  an  apparent  "hole"  also  co-located  with  the  point  of 
closest  approach  to  the  magnetic  zenith.  Thus,  field  alignment  of  large-scale 
sV'ucf  ures  '  transv°''se  wavelengths  greater  than  60  km,  say)  can  reveal  itself  in 

TT  ”  r„-  \  ■  r.q<-  . 

Th'  !,'<»•  r  1  r.ff  or  ♦  r,n  phase  scintillation  of  f  ield-al  igned  anisotropy  in 

!;’v  *  /  illustrated  in  Figure  5,  which  has  been  obtained  from  an 
‘  n'ot  1  that  of  .  VT’VS  in  Figure  4,  displayed  on  a  grid  of  (the 
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Figure  5. 


Contours  of  the  geometrically  enhanced  equivalent  height- i ntegrated 
strength  of  irregularities  causing  phase  scintillation  in  the  HiLat 
data  base  from  Sondre  Stromfjord  between  Day  249  of  1983  and  Day  123 
of  1985.  The  grid  represents  (the  sine  of)  the  angles  between  the 
line  of  sight  and  (x)  the  magnetic  meridian  plane  and  (y)  the  mag¬ 
netic  L  shell,  both  computed  at  an  F-layer  height  of  350  km.  The 
enhancement  near  the  magnetic  zenith  (center  of  the  plot)  is  the  sig¬ 
nature  of  axially  symmetric  irregularities  (striations)  aligned  along 
the  magnetic  field. 
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and  (y)  the  magnetic  L  shell.  The  quantity  plotted  is  the  spati al -spectral 
counterpart  of  the  observed  temporal  PSD  (in  units  that  depend  upon  a  power-law 
spectral  index,  q),  converted  from  *VTVS  by  means  of  the  1 ine-of-sight  scan  velo¬ 
city  through  the  F  layer.  It  is  the  equivalent  height-integrated  spectral  strength 
of  the  irregularities  --  that  is,  their  true  strength  geometrically  enhanced  by 
propagation  effects  near  the  point  where  the  line  of  sight  grazes  the  long  axis  of 
the  field-aligned  structures. 

Figure  5  contains  all  data  obtained  at  the  polar  Hil.at  station,  Sondre 
Stromfjord,  during  about  the  first  twenty  months  of  its  operation.  The  behavior  it 
shows  is  quite  different  from  that  observed  in  the  auroral  zone  by  means  of  the 
Wideband  Satellite.  Those  observations,  made  at  Poker  Flat,  Alaska,  showed  geo¬ 
metrical  enhancement  stretched  along  the  x  axis  of  a  similar  plot,  which  is  the 
signature  of  sheetlike  (as  opposed  to  axially  symmetric)  irregularities  aligned 
along  L  shells.  The  strongest  consistent  signature  of  anisotropy  so  far  observed 
with  HiLat  is  illustrated  in  Figure  6,  which  contains  the  subset  of  Figure  5  data 
collected  between  17  and  18  hours  MLT. 

Considerable  effort  is  going  into  describing  and  understanding  the  spatial 
spectrum  of  i rregul ar i ti es  and  the  spatial  and  temporal  spectra  of  the  intensity 
and  phase  scintillations  that  they  produce.  Examples  of  the  phase  spectra 
observed,  namely  those  obtained  at  VHF  and  UHF  during  the  thirty-second  period  that 
produced  the  scintillation  peak  illustrated  in  Figure  4,  are  shown  in  Figure  7.  As 
is  generally  the  case,  the  two  spectra  are  nearly  identical,  including  the  spectral 
index  of  2.8  obtained  from  their  best-fit  power  laws  (the  straight  lines  indicated 
on  the  log-log  plots). 

These  are  examples  of  simple  single-regime  power-law  spectra.  A  large 
minority  of  spectra  show  multi-regime  power  laws,  the  nature  and  origin  of  which 
are  beina  pursued  by  Rino  (1985).  Whether  one  works  with  single-regime  fits  or 
fits  to  the  particular  regime  that  Rino  refers  to  as  spanning  the  " intermed i ate" 
scales,  the  aggregate  behavior  of  the  spectral  index  is  similar.  Figure  8  contains 
the  occurrence  histogram  of  single-regime  spectral  indices  obtained  from  all 
observations  made  at  Sondre  Stromfjord  durinq  1984;  it  peaks  sharply  near  2.7. 
Moreover,  a  portion  of  its  spread  stems  from  a  small  but  interesting  trend  in 
spectral  index  as  a  function  of  the  off-maqnet ic-f  ield  ( Br i qqs-Park i n )  angle  of  the 
line  of  sight,  as  illustrated  in  Figure  9. 
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SECTION  4 

THE  POLAR  BEAR  EXPERIMENTS 

To  meet  the  specific  objectives  outlined  at  the  end  of  Section  2,  a  combina¬ 
tion  of  three  experiment  packages  will  be  flown  on  the  Polar  BEAR  satellite.  By 
means  of  these  payloads,  it  will  be  possible  to  (1)  observe  complex-signal  scintil¬ 
lations  at  VHF  and  UHF  and  infer  ionospheric  TEC  from  measurements  of  radio¬ 
frequency  dispersion;  (2)  measure  the  three-dimensional  vector  magnetic  field  at 
1000  km  altitude  and  infer  the  presence  and  strength  of  field-aligned  and  other 
electric  currents;  and  (31  make  plan-view  extrapolations  and  interpolations  of 
measurements  being  made  with  Polar  BEAR  and  HiLat,  by  means  of  vi sual -wavel ength 
and  ultraviolet  (uv)  images  of  both  the  nightside  and  dayside  aurora  (the  latter  at 
vacuum  ultraviolet,  vuv,  wavelengths). 

The  main  features  of  the  Polar  Bear  instruments  are  summarized  in  Table  2, 
along  with  their  P.I.'s  and  collaborating  investigators  from  participating  organi¬ 
zations.  The  following  instrument  sketches  have  been  assembled  from  information 
provided  by  the  organizations  with  which  the  three  P.I.'s  are  affiliated. 

4.1  BEACON. 

The  aspect-sensitivity  and  spectral  behaviors  of  scintillation  discussed  in 
conjunction  with  Figures  4  through  9  show  a  good  deal  of  consistency  with  the 
corresponding  behaviors  observed  with  Wideband,  and  yet  they  present  interesting 
and  pertinent  departures  from  them.  The  general  power-law  nature  of  the  spectra, 
including  the  existence  of  multiple  regimes,  is  quite  consistent  in  results  from 
the  two  experiments,  not  only  at  high  but  also  at  low  latitudes  (the  latter 
explored  by  Wideband).  So  also  is  the  fact  that  the  observed  phase  spectral  index 
is  somewhat  smaller  than  three,  wh'ch  was  the  value  expected  a  priori. 

A  possibly  pertinent  difference  between  Wideband  and  HiLat  is  that  the  most 
frequent  spectral  index  observed  in  the  former  was  still  smaller  (2.5)  than  that 
observed  in  the  latter  (2.7).  One  overall  difference  between  the  two  missions  is 
teat  Wideband  was  rarr-ied  out  during  the  rising  phase  of  the  solar  activity  cycle, 
with  a  yf»a  '  s  worth  of  data  being  collected  during  which  the  sunspot  number  was 
between  about  60  and  about  190,  whereas  HiLat  was  launched  during  the  waning  phase 
of  thp  ''vr>,  with  nearly  all  data  so  far  being  collected  at  sunspot  numbers  below 
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A  relevant  question  is  whether  the  difference  in  phase  spectral  index  reported 
in  the  two  missions  is  related  to  solar-cycle  epoch  or  some  other  truly  geophysical 
factor,  or  is  an  artifact  of  slightly  different  data-process ing  procedures.  This 
question  currently  is  being  pursued;  launch  of  Polar  BEAR  near  solar  minimum  with 
an  expected  lifetime  at  least  equal  to  (and,  hopefully,  exceeding)  that  of  Wideband 
will  contribute  to  answering  this  question.  For  this  and  other  reasons.  Polar  BEAR 
will  carry  a  beacon  similar  to  that  on  HiLat. 

The  Polar  BEAR  Beacon  will  transmit  coherently  on  five  frequencies:  one  at 
VHF,  three  at  UHF,  and  one  at  L  Band.  The  frequencies  and  powers  radiated  are  given 
in  Table  3.  As  in  HiLat,  complex-signal  scintillation  measurements  will  be  made  at 
VHF  and  UHF,  and  the  triplet  of  UHF  cw  signals  will  be  used  to  obtain  TEC  from 
mesurement  of  the  second  difference  of  phase,  (Burns  and  Fremouw,  1970).  The 
L-band  signal  will  serve  as  a  phase  reference  for  the  VHF  and  UHF  scintillation 
measurements,  and  it  will  be  available  for  observations  of  amplitude  scintillation 
at  L  band. 

Table  3.  Beacon  frequencies  and  powers. 


Rcv_d ._by_Is_otropi_c  Antenna_  (dBm) 
90°el  T  10*el 


Band 

Frequency  (MHz) 

ERP*(dBm) 

VHF 

136.676 

28.0 

390.082 

21.1 

UHF 

413.028 

25.5 

435.974 

19.3 

L 

1239.084 

33.8 

Effective  Radiated  Power 

The  L-band  and  VHF  transmissions  will  be  with  right-hand  circular  polariza¬ 
tion,  but  the  UHF  signals  will  be  transmitted  with  left-hand  circular  polarization. 
The  difference  is  to  minimize  interaction  between  the  UHF  and  L-band  antennas, 
which  arc  nested  volutes  mounted  on  the  nadir-facing  surface  of  the  three-axis- 
stabilized  spacecraft.  The  VHF  antenna  is  a  tripole  mounted  on  the  end  of  one  of 
the  solar  panels. 


As  in  HiLat,  the  L-band  signal  from  Polar  BEAP  will  not  be  a  clean  cw  carrier. 
3ecause  the  P37-1  spacecraft  has  no  onboard  recording  capability,  HiLat  data  will 
be  transmitted  to  beacon  and  telemetry  receiving  stations  in  real  time.  The  L-band 
beacon  channel  will  carry  the  telemetered  information,  at  4098  bps,  from  the  AIRS 
imager  and  the  magnetometer.  A  split-phase-modulation  waveform  will  be  used  to 
produce  a  BPSK  siqnal  in  the  L-band  channel. 

The  carrier  suppressed  in  the  L-band  signal  will  be  reconstituted  in 
resynchron i cat ’ an  loops  at  the  ground  stations.  One  difference  between  the  Polar 
3EA9  Beacon  and  its  predecessor  on  HiLat  is  that  the  new  instrument  will  not  always 
suppress  the  L-band  carrier  3c;  severely  as  does  the  old  one.  The  L-band  carrier 
(ron  H'Lat  ;s  suppressed  by  about  30  dB  from  the  level  it  would  have  as  a  cw  signal. 
The  suppression  in  Polar  Bear  will  vary  from  about  ten  dB  to  about  30,  depending 
upon  be; -on  temperature  and  operating  mode. 

/Jh i  1  e  Polar  BEAP  will  radiate  the  same  frequencies  as  HiLat,  the  method  of 
generating  those  frequencies  will  be  somewhat  different.  As  shown  in  Figure  10, 
the  basic  oscillator  will  ooerate  directly  at  the  radiated  VHF  signal  frequency, 
under  crystal  control  and  with  temperature  compensation.  The  oscillator  output 
will  be  divided  by  four  to  produce  an  internal  reference  frequency  of  34.419  MHz. 
The  reference  frequency  then  will  be  multipled  in  phase-locked  loops  to  produce  the 
UHF  and  L-band  outputs.  All  loops  will  be  closed  digitally.  The  end  result  should 
be  even  more  stable  operation  than  that  enjoyed  in  HiLat,  which  could  become 
pertinent  in  the  event  of  the  hoped-for  long  life  of  the  Polar  BEAR  mission  (i.e., 
the  desire  to  obtain  data  near  solar  maximum). 

4.2  MAGNETOMETER. 

As  did  HiLat,  Polar  BEAR  will  carry  a  three-axis  fluxgate  magnetometer  manu¬ 
factured  by  Schonstedt  Instrument  Co.  While  the  inherent  capabilities  of  the  two 
instruments  are  similar,  their  designs  are  quite  different.  The  HiLat  instrument 
is  twenty  years  old,  having  been  developed  for  attitude  determination  on  the 
Transit  (Oscar)  Navy  Navigation  Satellites,  three  of  which  have  been  refurbished 
for  Wideband,  HiLat,  and  Polar  BEAR.  As  described  in  Section  3.1,  instability  in 
this  aging  instrument  and  its  magnetic  environment  on  the  spacecraft  have  intro¬ 
duced  difficulties  in  HiLat  operation  and  data  analysis. 
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For  Polar  BEAR,  a  totally  new  magnetometer  was  specified  and  acquired.  Its 
design  is  similar  to  that  used  successfully  by  APL  on  the  Triad  Satellite  (Zanetti 
and  Potemra,  1982),  and  its  packaging  and  electronic  circuitry  are  very  different 
from  that  employed  on  HiLat.  The  instrument  consists  primarily  of  a  three-axis 
Analog  Vector  Magnetometer  (AVM)  and  a  Magnetometer  u it  a  Processor  (MDP).  The  AVM, 
consisting  of  the  tri-axial  sensor  unit,  an  electronics  unit,  and  their  inter¬ 
connecting  cables,  is  depicted  in  Figure  11.  An  important  feature  of  the  Polar 
BEAR  magnetometer  is  that  the  tri-axial  sensor  unit  will  be  mounted  near  the  end  of 
a  solar  panel  for  isolation  from  magnetic  fields  generated  within  the  body  of  the 
spacecraft . 

As  in  HiLat,  the  Polar  Bear  magnetometer  will  measure  a  component  of  the 
vector  magnetic  field,  with  a  quantization  uncertainty  of  12  nt,  60  times  per  sec. 
Thus,  the  vector  field  will  be  measured  20  times  per  sec,  yielding  a  spatial 
resolution  of  370  m.  The  MDP  will  sample  the  three  analog  outputs  of  the  AVM  to  13- 
bit  quantization,  compress  the  data,  format  it,  and  transmit  the  condensed  data  to 
the  spacecraft's  science  telemetry  system.  Data  compression  is  required  to  achieve 
the  desired  spatial  resolution  within  the  384-bps  telemetry  rate  allotted  to  the 
magnetometer.  Two  frames  of  science  data  will  be  transmitted  to  the  ground 
stations  per  sec  via  the  L-b and  beacon  channel.  The  MDP  utilizes  a  small  resident 
microcomputer ,  designed  around  the  RCA  1802  microprocessor,  to  perform  the  fore¬ 
going  tasks.  In  addition  to  the  science  data,  the  MDP  will  provide  "telltales"  to 
give  an  indication  of  instrument  health. 

The  magnetometer  data  will  be  used,  hopefully  in  conjunction  with  that  from 
HiLat,  to  map  out  major  current  systems  flowing  between  the  ionosphere  and  the 
magnetosphere ,  which  can  contribute  to  development  of  plasma-dens i ty  irregu¬ 
larities  via  the  current-convecti ve  instability  (Ossakow  and  Chaturvedi,  1979). 
In  addition,  the  magnetometer  will  provide  a  basis  for  determining  the  attitude  of 
the  Polar  BEAR  Satellite.  The  satellite  carries  digital  solar  attitude  detectors, 
sensors  for  determining  the  direction  to  the  sun.  The  measured  magnetic-field 
vector  will  be  used,  in  conjunction  with  a  model  of  the  earth's  field  (the  Inter¬ 
national  Geomagnetic  Reference  Field),  to  resolve  the  spacecraft  rotation  angle 
about  the  line  to  the  sun.  Attitude  so  determined  on  the  day  side  of  the  earth  will 
bn  interpolated  through  the  night  side  by  means  of  a  model  of  the  spacecraft's 

dynamic  behavior. 


to  rannotometer .  Tho  triaxial  sensing  unit  (center)  measures 
2.9  :<  2.5  in  and  weinhs  0.35  lbs.  Tho  electronics  unit  (ri:h? 
os  1.9  x  5.2  x  5.3  in  and  weighs  approx inatol y  1.5  lbs.  An 
a  tod  data  processor  (not  shown)  Measures  1.9  x  7.0  x  7.5  in 
i  :ns  1.55  lbs.  Tho  instrument  ronuiros  1.2  watts  of  oowm 


4.3  AURORAL /IONOSPHERIC  REMOTE  SENSOR  (AIRS). 


All  the  motives  for  flying  the  Auroral  Ionospheric  Mapper  (AIM)  on  HiLat  still 
exist.  Foremost  among  these,  scientifically,  is  the  utility  of  auroral  images  in 
providing  a  phenomenological  framework  (a  macro-scale  plan  view)  within  which  to 
relate  the  mit  lad  interdependent  plasma  and  electrodynamic  processes  going  on  in 
the  high-latitude  ionosphere.  To  the  scientific  motives  now  have  been  added  direct 
applications  interest  in  auroral  and  airglow  emissions  and  their  spatial  structure 
as  they  relate  to  SOI . 

A  key  feature  of  AIM,  and  now  its  successor,  AIRS,  is  their  ability  to  provide 
auroral  images  in  broad  daylight  as  well  as  on  the  night  side  of  the  earth,  owing  to 
their  operation  in  the  vuv  portion  of  the  electromagnetic  spectrum.  The  AIM 
concept  was  based  on  measurements  made  on  the  S3-?  Satellite  with  a  fixed  vuv 
spectrophotometer  (Huffman  et  al ,  1980),  which  demonstrated  the  measurability  of 
several  vuv  spectral  lines  in  the  aurora  and  airglow.  Its  utility  as  an  imager  was 
demonstrated  clearly  during  its  short  lifetime  on  HiLat. 

The  AIRS  instrument,  illustrated  in  Figure  12,  will  be  similar  to  AIM  in  the 
method  used  to  generate  images  of  the  aurora,  the  ionospheric  airglow,  and  their 
structure,  namely  a  mirror  scanning  across  the  satellite  track.  It  will  be  sub¬ 
stantially  more  informative,  however,  in  that  it  will  be  able  to  produce  such 
images  at  four  wavelengths  simultaneously.  The  imaging  capability  of  AIM  was 
limited  to  a  single  (selectable)  vuv  wavelength.  Its  only  non-vuv  capability  came 
from  two  associated  fixed  photometers  directed  at  the  nadir  and  operating  at  6300 
and  3914  A. 

The  new  instrument  will  be  able  to  provide  simultaneous  images  at  two  non-vuv 
wavelengths  plus  simultaneous  images  at  any  two  vuv  wavelengths  separated  by  240  A 

o  '  o 

in  the  band  between  1700  and  1800  A.  In  addition  to  providing  redundancy,  the  240  A 
fixed  separation  in  the  vuv  band  will  permit  imaging  of  emission  features  from 
different  ionospheric  constituent  species.  An  example  is  the  radiative  recombina- 
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tion  line  of  oxygen  at  1356  A  in  conjunction  with  the  1600  A  line  in  the  Lyman- 
3irge-Hopf ield  band  of  molecular  hydrogen.  The  former  may  be  of  particular 
interest  for  F-layer  studies  (Chandra  and  Reed,  1975). 

Alternative  to  its  operation  as  an  imager,  the  vuv  instrument  may  be  operated 
as  a  nadir-directed  spectrometer  by  sweeping  the  wavelength  instead  of  the  scan 
mirror,  or  it  may  be  operated  as  a  fixed  photometer  by  also  stopping  the  wavelength 
in  its  scan.  In  each  mode,  the  recorded  signal  will  be  produced  by  a  pair  of 


33 


/  X  J  / 


Figure  12.  The  Auroral / Ionospheric  Remote  Sensor  (AIRS).  The  main  instrument 
package  weighs  approximately  22  lbs,  and  the  instrument  uses  approx¬ 
imately  15  watts  of  power  on  average.  (Supplied  by  R.  Huffman,  AFGI . 
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photomultiplier  tubes  placed  at  the  two  exit  slits  of  a  modified  l?5-mm  Ebert- 
Fastie  spectrometer .  The  photomultiplier  counts  will  be  converted  to  Rayleigh 
intensity  units  based  on  instrument  calibrations.  The  threshold  of  sensitivity  to 
vuv  emissions  is  approx imately  50  Rayleighs.  The  full-width/half-maximum  band¬ 
width  is  36  A. 

The  non-vuv  capabilties  of  AIRS  also  are  quite  varied,  in  terms  of  the  wave¬ 
lengths  available  for  imaging  by  two  filtered  photometers.  At  night,  imaqes  will 
be  developed  at  3914  A  (first  negative  band  of  ionized  nitroqen)  in  the  near  uv  and 
either  at  6300  A  (radiative  recunbination  of  atomic  oxyqenl  in  the  red  or  5577  A 
(forbidden  transition  of  atomic  oxygen),  the  auroral  green  line.  The  red  line  is 
preferred  for  studies  of  plasma  patches  in  the  polar  F  layer  that  are  identifiable 
by  means  of  their  briqht  airglow  emission  in  this  line  fBuchau  et  al ,  1984). 
Photomultiplier-tube  sensitivity  is  somewhat  marqinal  in  the  deep  red,  however, 
while  being  totally  adequate  for  the  qreen  line,  which  in  any  case  is  brighter. 
For  this  reason,  it  is  possible  that  a  final  sensitivity  check  of  the  particular 

o 

photomultiplier  to  be  flown  may  p'-pmpt  choice  of  the  5577  A  filter  instead  of  6300 
A.  If  so,  1356  A  will  receive  even  more  attention  as  a  likely  signature  of  the 
polar  patches. 

O 

In  the  daytime,  images  will  be  obtained  at  3371  and  2250  A  in  the  near  and 
middle  uv  to  obtain  albedo  backgrounds  of  the  atmosphere.  At  night,  these  same 
wavelengths  may  be  used  to  measure  radiation  in,  respectively,  the  second  positive 
band  of  nitrogen  and  the  gamma  band  of  nitric  oxide.  The  non-vuv  images  will  be 
obtained  by  passing  some  of  the  light  collected  by  the  common  scan  mirror  through  a 
small  hole  in  the  spectrometer  telescope,  through  the  appropriate  filters,  and  on 
to  the  photometers. 

As  did  AIM,  the  AIRS  instrument  will  make  line  scans  of  emission  intensity  in 
the  region  below  the  satellite  from  slightly  above  the  horizon,  through  the  nadir, 
to  the  opposite  horizon.  The  mirror  then  will  return  rapidly  to  the  initial 
position,  completing  the  cycle  in  three  sec.  The  spatial  resolution  in  the  cross¬ 
track  direction  will  be  approximately  fiv"1  km  at  auroral  altitudes  (on  the  order  of 
100  kml ,  as  set  by  the  count  period  of  approximately  seven  msec.  Alonq  the  track, 
the  resolut:on  will  be  approximately  20  km,  corresponding  to  the  three-sec  scan 
period  as  the  satellite  moves  in  its  orbit  at  about  seven  km/sec. 


With  fewer  ionospheric  instruments  on  Polar  BEAR  than  on  HiLat,  using  the  samp 
sr’nnce  telemetry  system  permits  allocation  of  more  information  capacity  to  AIRS 


than  to  AIM  in  the  approximately  half-second  telemetry  frames.  The  AIRS  data  rate 
will  be  about  3500  bps,  and  its  vantage  point  at  1000-km  altitude  will  give  it 
larger  coverage  than  was  enjoyed  by  AIM.  During  a  typical  high-elevation  pass  over 
a  given  receiving  station,  it  will  produce  an  image  covering  an  area  of  approxi¬ 
mately  6000  km  across  its  t^ack  and  5000  km  along  it  (about  45°  along  a  great 


SECTION  5 

THE  P87-1  SATELLITE  AND  ITS  ORBIT 

5.1  THE  SATELLITE  . 

The  P37-1  spacecraft  is  a  modified  OSCAR-class  ('O'  for  Operational)  TRANSIT 
Navy  Navigation  Satellite  from  which  the  navigation  electronics  have  been  removed. 
Following  the  approach  used  in  P76-5  (Wideband)  and  P83-1  (HiLat),  the  OSCAR  has 
been  augmented  with  additional  payload-housing  structures  by  APL .  Beyond  addition 
of  a  "pentnouse"  as  in  both  Wideband  and  HiLat  and  an  "experiment  deck"  as  intro¬ 
duced  in  HiLat,  Polar  BEAR'S  separation  plane  was  lowered  (as  oriented  at  launch) 
to  retain  a  cylindrical  "pedestal."  This  combination  assembly  is  approximately 
four  feet  long  and  two  feet  in  diameter.  The  entire  satellite  weighs  just  under 
300  lbs. 

After  orbital  insertion,  the  spacecraft  will  be  turned  "upside  down,"  with  the 
pedestal  extending  away  from  the  earth  and  the  penthouse  and  experiment  deck 
directed  toward  the  earth.  Figure  13  illustrates  the  spacecraft’s  operational 
right-handed  coordinate  system,  with  +X  directed  along  the  orbital  velocity  vector 
and  *Z  directed  toward  the  earth.  As  shown  in  the  figure,  AIRS  and  the  beacon's 
UHF/L-band  antenna  are  mounted  on  the  nadir-directed  experiment  deck,  the  magne¬ 
tometer  sensor  unit  on  the  end  of  the  -X  solar  panel,  and  the  beacon's  VHF  antenna 
on  the  end  oc  the  +X  panel. 

The  four  solar  panels  each  measure  65  inches  in  length  and  together  deliver  35 
to  50  watts,  averaged  over  an  orbit  and  depending  upon  solar  illumination  angle,  to 
a  nickel-cadmium  storage  battery.  In  addition  to  housing  the  magnetometer  sensor 
unit  and  the  VHr  beacon  antenna,  the  solar  panels  support  antennas  for  receipt  of 
commands  and  for  tracking  and  transmission  of  housekeeping  (and  science  backup) 
telemetry.  The  latter  transmissions  will  take  place  at  150  and  400  MHz  and  will 
appear  as  transmissions  from  the  TRANSIT  constellation  with  a  freguency  offset  of  - 
141.6  parts  per  million. 

Three-ax’s  stabilization  will  be  provided  to  within  ‘10'  by  a  60-foot  gravity- 
gradient  boom  extending  toward  the  zenith  and  a  momentum  wheel  mounted  on  the  side 
of  the  pedestal.  Gravity-gradient  control  of  pitch  and  roll  is  standard  for  the 
OSCARs,  a  momentum  wheel  having  been  added  to  HiLat  and  Polar  BEAR  for  control  of 
yaw.  The  boom  orientation  is  opposite  to  that  normal  on  OSGARs,  on  which  it 
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Two  views  of  the  Polar  BEAR  Satellite.  Top,  looking  from  its  "right 
side."  Bottom,  looking  from  the  earth.  The  spacecraft's  right-handed 
coordinate  system  is  such  that  +.X  is  directed  along  the  nominal  orbital 
velocity  vector,  and  +/  is  directed  toward  the  earth.  (Supolied  by 
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usually  "hangs"  toward  the  earth.  It  was  mov^d  to  the  opposite  end  of  the  space¬ 
craft  for  Wideband,  HiLat,  and  Polar  BEAR  to  make  room  for  an  unobstructed  earth 
view  by  the  nadir-directed  experiments.  Attitude  will  be  measured  to  within  ■?.  by 
means  of  optical  sun  sensors  and  the  magnetometer  and  then  telemetered  to  the 
ground  in  the  science  data  stream. 

A  full  description  of  P87-1  is  given  in  the  Polar  BEAR  Mission  Interface 
Control  Document,  prepared  by  APL  as  Document  JHU/APL  SD0/PA0-0817 ,  dated  August 
1985. 

5.2  THE  ORBIT. 

Relieved  of  HiLat's  respons ib i 1 i ty  to  perform  in-situ  measurements  of  plasma 
density,  temperature,  and  velocity.  Polar  BEAR  will  be  placed  in  a  higher  orbit, 
still  better  suited  to  beacon  measurements  through  the  ionosphere  and  broad-view 
remote  sensing  (imaging)  of  it.  It  will  be  in  an  almost  circular  orbit  near  1000  km 
altitude,  similar  to  that  used  very  successfully  for  beacon  measurements  from 
Wideband.  Specifically,  its  apogee  and  perigee  will  be  1070  km  and  930  km, 
respectively,  yielding  an  eccentricity  of  0.01  and  an  orbital  period  of  105.1  min. 

With  its  orbital  velocity  near  7.3  km/sec,  high-elevation  passes  over  a 
station  will  take  just  under  18  min  from  horizon  to  horizon  and  just  over  14  min 
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above  10  elevation.  Figure  14  is  a  plot  of  maximum  elevation  achievable  at  a 
high-latitude  receiving  station,  Sondre  Stromfjord,  Greenland,  during  a  repre¬ 
sentative  24-hour  period,  in  this  case  the  day  that  the  orbital  plane  is  overhead 
there  at  about  12  and  21  hours.  Passes  reaching  a  maximum  elevation  of  at  least  30° 
can  occur  in  two  periods  ^containing  respectively  ascending  and  descending  passes) 
of  approximately  4l2  hours  duration  centered  on  the  overhead  times,  which  change  as 
the  O’-bit  precesses.  Similar  plots  may  be  made  for  any  station,  becoming  more 
symmetrical  and  the  minima  deeper  as  the  station  moves  to  lower  latitudes. 

'.inlike  Wideband,  which  was  in  a  sun-synchronous  orbit.  Polar  BEAR'S  inclina¬ 
tion  has  been  chosen,  as  was  HiLat's,  to  produce  fairly  rapid  precession  in  local 
time.  Its  inclination,  in  fact,  will  be  the  same  as  HiLat's,  82'.  Given  Polar 
BEAR's  altitude  near  1000  km,  this  will  produce  a  precession  rate  such  that  the 
orbital  piano  and  station  maximum-elevation  curves,  such  as  that  in  Figure  14,  will 
move  1  min  17  sec  earlier  (in  solar  time)  each  day.  Thus,  by  observing  both 
ascending  and  descending  passes,  a  station  may  obtain  measurements  at  all  local 
*■  in  just  over  ,3  r.3londar  guarter. 
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Figure  15  illustrates  the  effect  of  precession  on  observations  at  a  station 
such  as  Sondre  Stromfjord  during  a  representative  calendar  quarter.  The  bands  of 
short  vertical  dashes  depict  portions  above  10  elevation  of  passes  whose  maximum 
elevation  is  at  least  30  ,  thus  falling  within  the  two  peaks  of  Figure  14  (which 
corresponds  to  Day  120  in  Figure  151.  The  solar-time  precession  rate  of  Polar 
BFAR's  orbit  is  represented  by  the  slope  of  the  bands.  The  solid  lines  with 
slightly  greater  slope  outline  the  bands  of  HiLat  passes  above  30  ,  assuming  that 
the  two  satellites  are  in  the  same  local-time  plane  at  the  beginning  of  the  epoch. 

A  key  point  illustrated  by  Figure  15  is  that  the  slip  rate  between  the  two 
orbits  is  very  small.  The  current  precession  rate  for  HiLat  is  greater  (more 
negativel  than  that  for  Polar  BEAR's  nominal  orbit  by  18  sec/day.  It  is  planned 
tentatively  to  inject  Polar  BEAR  into  a  local-time  plane  one  to  two  hours  earlier 
than  HiLat ' s  after  its  launch  sometime  in  the  fourth  quarter  of  1986.  Thereafter, 
Polar  BEAR  will  move  slowly  toward  time-of-day  synchronism  with  HiLat,  the  condi¬ 
tion  illustrated  at  the  beginning  of  Figure  15. 

In  the  foregoing  plan,  coordinated  observations  employing  the  two  satellites 
could  begin  immediately  after  Polar  BEAR  becomes  operational  and  last  for  many 
months  as  they  precess  to,  through,  and  away  from  the  situation  depicted  in  Figure 
15.  In  a  typical  30-day  period  during  the  epoch  illustrated  there,  143  Polar  BEAR 
passes  will  reach  a  maximum  elevation  of  at  least  30°,  and  118  HiLat  passes  will  do 
so.  During  these  passes,  the  satellites  will  be  above  10°  elevation  for  totals  of 
29.2  and  20.8  hours,  respectively.  Forty-two  pairs  of  these  will  overlap  in  time, 
with  a  total  overlap  duration  of  3.9  hours,  and  there  will  be  97  pairs  in  which  such 
passes  occur  within  15  min  of  one  another. 


i  "0 s  over'  Sondro  Stromfjord  during  a  representative  calendar 
r.  '■  nort  vertical  dashes  indicate  Polar  BEAR  times  above 
ovation  during  individual  passes  with  maximum  elevations  of 
st  3d  .  Solid  lines  outline  corresponding  pass-time  bands 
at  assuming  that  the  two  satellites  are  in  the  same  local  - 
lane  at  the  beginning  of  the  epoch.  Illustrating  solar-time 
sion  of  the  two  orbital  planes  and  the  very  small  difference 
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SECTION  6 


DATA  COLLECTION,  PROCESSING,  AND  DISTRIBUTION 
6.1  THE  RECEIVING  STATIONS. 

The  stations  planned  for  receiving  beacon  and  telemetry  data  from  Polar  BEAR 
and  HiLat  are  those  illustrated  in  Figure  1.  The  stations  appear  as  stars  also  on 
Figure  16,  which  shows  the  slightly  expanded  coverage  available  at  one  of  them, 
Sondre  Stromfjord  (SS),  with  Polar  BEAR'S  increased  altitude.  The  solid  and  broken 
circles  again  show,  respectively,  beacon  and  in-situ  (magnetometer)  coverage  above 
10°  elevation  from  the  station. 

A  likely  routine  operation  is  to  record  passes  reaching  a  maximum  elevation  of 
at  least  30°  at  the  station.  The  area  from  which  images  could  be  recorded  in  such 
routine  operation  at  a  given  station  would  be  set  by  AIRS  sweeps  mainly  during 
ascending  and  descending  passes  to  the  east  and  west  of  the  station  that  just  reach 
this  elevation.  The  six-sided  irregular  boundary  in  Figure  16  roughly  outlines 
that  area  for  SS,  set  by  the  portions  of  such  passes  above  10°  elevation  and,  in  the 
south,  by  the  10°  elevation  circle  itself  (the  effective  boundary  for  nearly 
overhead  passes).  Combining  images  from  all  the  stations  gives  extensive  coverage 
of  the  northern  auroral  oval  and  polar  cap,  especially  in  the  western  hemisphere. 

The  imaging  area  indicated  in  Figure  16  is  not  that  accessible  on  a  single 
pass,  but  rather  the  total  area  imageable  from  all  passes  likely  to  be  recorded 
routinely  at  SS.  Figure  17  demonstrates  the  utility  of  multi-station  operation  for 
imaging,  employing  a  pass  particularly  suited  for  obtaining  a  nearly  complete 
quasi-snapshot  (i.e.,  a  composite  image  generated  over  a  period  of  about  25  min)  of 
the  aurora  and  of  the  polar  and  sub-auroral  airglow  in  the  northern  hemisphere  (in 
the  region  enclosed  by  the  quasi-rectangle).  The  trajectory  illustrated  passes 
nearly  overhead  at  Bellevue,  the  north  geomagnetic  pole  (center  of  plot),  and 
Tromso  and  reaches  maximum  elevations  of  50°,  ?8°,  and  22  at  Inuvik,  Churchill, 
and  SS,  respectively. 

Simply  by  adding  such  cases  to  the  pass  lists  at  SS  and  Churchill,  nearly 
complete  quasi -snapshots  will  he  attainable  with  AIRS.  Such  operation  will  be 
especially  informative  when  Polar  BEAR  is  near  the  noon/midniqht  plane,  when  the 
auroral  oval  and  polar  cap  will  be  shifted  either  toward  (away  from'  or  away  from 
'toward:  Tromso  ^Bellevuel  at  the  appropriate  universal  time.  Unfortunately,  the 
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Polar  BEAR  coverage  from  the  receiving  station  at  Sondre  Stromfjord, 
Greenland  (SS).  Solid  and  broken  circles  about  the  station  show 
coverage  above  10°  elevation  for  beacon  and  magnetometer,  respectively 
Six-sided  figure  is  approximate  boundary  of  area  imageable  during 
passes  reaching  at  least  30°  elevation  at  SS.  Other  Polar  BEAR  sta¬ 
tions,  identified  by  stars,  are  Tromso,  Norway;  Inuvik,  Northwest 
Territories;  Churchill,  Manitoba;  and  Bellevue,  Washington.  Inuvik 
has  operated  only  sporadically  for  HiLat;  its  status  and  that  of 
Churchill  are  not  totally  clear  for  the  duration  of  Polar  BCAR. 


station  at  Inuvik  has  operated  only  sporadically  for  HiLat,  and  its  status  and  that 
of  Churchill  are  not  totally  clear  for  the  duration  of  Polar  BEAR.  Snapshots  such 
as  that  illustrated  in  Figure  17  can  be  obtained  without  Inuvik,  however,  and  only 
a  small  gap  would  occur  from  loss  of  Churchill. 

An  objective  of  Polar  BEAR  operation  at  the  high-latitude  receiving  stations 
will  be  to  maximize  coincident  observations  between  HiLat  and  Polar  BEAR.  Because 
of  transmission  licensing  restr ictions ,  the  beacons  on  the  two  satellites  will 
transmit  at  the  same  frequencies.  Unless  steps  were  taken  to  avoid  it,  mutual 
interference  between  the  two  would  occur  on  about  20%  of  all  passes,  primarily 
because  the  beams  of  the  VHF  and  UHF  receiving  antennas  are  rather  broad.  The 
quad-helix  antennas  presently  used  at  L  Band  for  HiLat  produce  narrower  main  lobes 
(about  10J  full  width  at  the  half-power  points)  but  also  significant  side  lobes 
(about  four  dB  lower  than  the  main  lobe)  that  extend  out  to  ±45°. 

The  first  steo  to  be  taken  to  reduce  mutual  interference  is  to  replace  the 
existing  HiLat  UHF  and  L-band  antennas,  which  share  common  steerable  flat  ground 
screens,  with  UHF/L-band  feeds  in  eight-foot  steerable  dishes,  thus  increasing 
gain  and  reducing  side  lobes.  At  L-band,  the  dishes  will  provide  26  dB  of  gain  and 
produce  full  bearrwidths  of  14°  between  half-power  points  and  24°  between  first 
nulls.  AT  UHF,  the  corresponding  parameters  are  16  dB,  44°,  and  70°.  At  SS  and 
Tromso,  these  antennas  will  be  used  for  reception  of  beacon  and  telemetry  data  from 
either  HiLat  or  Polar  BEAR  when  only  one  satellite  is  in  the  sky.  At  VHF,  fixed 
antennas  with  upward-directed  broad  beams  will  continue  to  be  used. 

The  main  solution  to  the  problem  of  mutual  interference  is  that  the  Polar  BEAR 
Beacon  has  been  provided  with  an  L-band-only  operating  mode,  commandable  from  the 
ground.  It  will  be  used  in  conjunction  with  L-band-only  receivers,  and  the  second 
dishes,  being  added  at  SS  and  Tromso.  When  both  satellites  are  in  the  sky,  the  full 
complement  of  data  available  from  HiLat,  including  multi -frequency  beacon  data, 
will  be  collected  using  the  existing  receivers,  and  Polar  BEAR  will  operate  in  its 
L-band-only  mode  to  provide  magnetometer  data  and  AIRS  images  via  the  L-band-only 
receivers.  Only  in  rare  instances  of  nearly  exact  spatial  and  temporal  coincidence 
between  the  two  satellites  should  mutual  interference  be  debilitating. 

xhe  receiving  stations  at  Churchill,  Bellevue,  and  Inuvik  will  remain  con- 
f'g.ired  essentially  as  they  have  been  for  HiLat.  One  exception  is  that  attempts 
will  be  made  to  decrease  the  strength  of  L-band  side  lobes  on  the  antenna  at 
Bellevue.  Since  tha  receiver.  Rover,  is  to  remain  transportable  to  remote  loca- 


tions,  there  are  practical  limitations  to  the  size,  weight,  and  complexity  of  its 
antenna  system.  It  employs  the  same  L-band  quad-helix  and  UHF  single  helix  used  at 
SS  and  Tromso,  mounted  on  a  common,  steerable  ground  plane.  Unlike  that  at  the 
other  stations,  the  same  ground  screen  is  used  to  house  a  VHF  helix,  thus  providing 
a  single,  steerable  antenna  system  for  all  frequencies. 

Single-receiver  operation  at  Bellevue  will  attempt  to  record  all  passes  of 
both  satellites  that  reach  30°  elevation,  when  scheduling  permits.  When  conflicts 
arise.  Polar  BEAR  will  be  given  priority  if  it  is  in  its  al 1-exper iment  mode.  When 
Polar  BEAR  is  in  its  L-band-only  mode,  priority  will  be  given  to  HiLat  so  as  to 
maximize  collection  of  beacon  data.  Priority  when  Rover  is  on  field  excursions 
will  depend  upon  the  specific  objective  of  the  excursion,  Polar  BEAR  likely  being 
the  priority  satellite  on  most  field  trips. 

In  full  operation,  a  HiLat/Polar  BEAR  receiver  performs  several  functions. 
First,  it  receives,  amplifies,  and  coherently  detects  the  beacon  signals,  out- 
putting  the  baseband  in-phase  and  quadrature  (I  and  Q)  components  of  the  scintil¬ 
lating  VHF  and  UHF  signals,  employing  a  phase  reference  derived  from  the  L-band 
signal.  At  the  fixed  stations,  I  and  Q  are  recorded  also  from  two  UHF  antennas 
spaced  several  hundred  meters  from  the  main  antenna  on  orthogonal  baselines  for 
studying  the  spatial  statistics  of  scintillation  and  the  irregularities  that  cause 
it.  Rover  also  can  perform  spaced  receiver  observations,  but  such  measurements  are 
not  made  when  it  is  at  Bellevue. 

To  obtain  its  phase  reference,  the  receiver's  L-band  section  contains  a 
resynchronizing  loop  for  reconstituting  the  L-band  carrier  suppressed  by  the  BPSK 
data  modulation.  The  phase  of  the  reconstituted  carrier  is  used  to  lock  the  entire 
receiver  to  the  beacon's  basic  oscillator,  with  the  frequency-differential  effects 
of  geometrical  doppler  automatically  removed.  The  amplitude  of  the  reconstituted 
carrier  is  recorded  as  a  measure  of  L-band  scintillation,  which  however  usually  is 
not  strong  enough  in  the  ambient  hiqh-1 at i tude  environment  to  be  of  interest. 
rinally,  the  system  demodulates  the  BPSK  L-band  signal  and  passes  the  bit  stream 
from  all  non-beacon  experiments  to  the  station  computer. 

The  computer  performs  the  following  functions.  Prior  to  a  satellite  pass,  it 
calculates  look  angles  and  doppler  shift  from  orb i t-ephemer i s  information  received 
from  NORAD.  During  the  pass,  the  computed  look  angles  are  used  for  antenna 
steering,  and  the  computed  L-band  doppler  shift  is  used  as  a  tuning  aid  for 
'<■(  e  >ver  lockup.  The  computer  also  controls  data  aeguisition  through  an  interface 


and  records  it  for  post-pass  processing.  At  the  fixed  stations,  data  are  recorded 
on  disk  and  processed  into  summary  parameters  for  tape  storage  immediately  after 
the  pass.  Rover's  smaller  computer  records  raw  data  directly  on  tape,  and  summary 
processing  is  performed  on  PDNW's  mainframe  computer  after  eight  passes  have  been 
accumulated  (typically,  twice  per  week). 

In  addition  to  the  antenna  changes  and  addition  of  L-band-only  receivers,  the 
stations  at  SS  and  Tromso  will  be  outfitted  with  larger  (132-Mbyte)  disks  and 
faster  CPUs  (HP  A900s)  for  their  on-line  computers,  so  that  raw  data  from  both 
HiLat  and  Polar  BEAR  may  be  recorded  and  then  processed,  simultaneously  if 
necessary,  into  summary  records.  The  summary  data  from  all  passes  of  both  satel¬ 
lites  and  the  raw  data  for  some  passes  will  be  put  on  tape  for  permanent  storage  and 
analysis.  All  Rover  data,  both  raw  and  summary-processed,  from  both  satellites 
will  be  retained  on  tape. 

6.2  DISSEMINATION  OF  DATA,  EPHEMERIS  INFORMATION,  AND  COMMANDS- 

The  data  reduction  performed  in  the  field  (at  PDNW  in  the  case  of  Rover) 
consists  mainly  of  producing  science-ready  parameters.  In  addition,  various  kinds 
of  geometry  and  observing-condition  information  are  computed  and  placed  on  the 
summary  tapes.  The  data  tapes  are  distributed  via  the  network  shown  in  Figure  18. 
The  five  upper  blocks  represent  the  five  HiLat/Polar  BEAR  receiving  stations  and 
the  organizations  responsible  for  their  operation  and  data  collection. 

At  the  four  fixed  stations  (Sondre  Stromfjord,  Tromso,  Churchill,  and 
Inuvik),  raw  data  are  reduced  to  summary  form  on  site.  Raw  data  from  Rover  flow 
through  its  home  location,  PDNW's  laboratory  at  Bellevue,  and  are  processed  there; 
data  from  Inuvik  flow  through  that  receiver's  parent  organization,  UWO.  In  all 
cases,  raw  and  summary  data  are  to  flow  to  AFGL,  the  former  for  archiving  and  the 
latter  for  reproduction  and  distribution  back  to  the  participating  organizations. 

For  antenna  steering  and  receiver  tuning  for  ready  acquisition  of  signal,  the 
satellite  trajectory  for  each  pass  is  computed  at  the  receiving  stations  from 
ephemeris  information  provided  by  NORAD.  Keplerian  elements  are  distributed  by 
NORAD  over  the  network  shown  in  Figure  19.  Although  a  full  data  station  normally 
is  not  operated  by  APL,  it  receives  ephemeris  information  for  observing  the  techni¬ 
cal  health  of  HiLat  and  Polar  BEAR.  The  Naval  Astronautics  Group  (NAG)  employs  the 
information  for  transmitting  operating  commands  in  a  manner  similar  to  its  opera¬ 
tional  loading  of  commands  into  the  TRANSIT  Navy  Navigation  Satellites. 
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Operating  personnel  from  SRI  and  PDNW,  respectively,  hand  carry  ephemeris 
messages  from  local  US  military  facilities  to  the  Sondre  Stromfjord  station  and  to 
Rover  when  the  latter  is  operating  near  Seattle.  Other  arrangements  fe.g.,  com¬ 
mercial  Telex'1  are  made  by  PDNW  when  Rover  is  operating  on  a  remote  campaign,  if 
necessary . 

'Jn like  P76-5,  which  was  able  to  operate  its  sinqle  payload  (the  Wideband 
Beacon'  continuously,  P83-1  and  P87-1  have  multiple  payloads  to  support,  and  their 
power  must  be  managed  conservatively.  For  this  purpose,  they  have  timers  on  board, 
which  permit  payload  operation  only  during  one  quarter  of  each  orbit.  The  orbital 
phase  of  the  ooeratinq  period,  which  usually  is  over  the  earth 1 s  northern-most 
quadrant,  can  be  shifted  by  command  from  the  ground.  The  timer  phase  and  instru¬ 
ment  modes  are  set  in  advance  by  means  of  commands  injected  by  NAG  during  passes 
over  its  network  of  stations,  headquartered  at  Pt.  Mugu,  CA. 

Mode  requests  from  HiLat  P.I.s  normally  are  assembled  by  the  Project  Scientist 
at  PDNW  and  passed  to  NAG  for  injection  to  the  satellite.  The  same  procedure  will 
be  followed  *?r  Polar  BEAR,  with  additional  requests  from  and  de’ iberations  with 
the  organisations  operating  field  sites  being  carried  out  by  the  Project  Scientist 
for  two-satellite  operation.  Command  requests  for  technical  management  of  each 
satellite  normally  come  from  its  Project  Engineer  at  API.  Only  PDNW,  APL,  and  DNA 
are  autho-'s^d  *)  issue  command  requests  to  NAG  for  HiLat/Polar  BEAR  ionospheric 
experiments  and  spacecraft  operation. 
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CONCLUSION 

Three  years  after  successful  launch  of  P83-1,  the  HiLat/Polar  BEAR  Science 
Team  views  the  increased  understanding  of  high-latitude  ionospheric  dynamics  and 
structuring  that  it  has  afforded  with  considerable  satisfaction  and  some  pride.  As 
launch  of  its  companion  and  successor,  P87-1,  approaches,  the  team  looks  forward, 
after  a  period  of  spacecraft  stabilization,  to  a  period  of  even  more  fruitful  data 
collection  and  analysis.  First  and  foremost,  we  await  with  very  considerable 
anticipation  the  promise  of  AIRS  images  of  the  auroral  oval  and  the  polar  and  sub- 
auroral  airglow.  Secondly,  we  hope  to  glean  firm  insights  into  the  workings  of 
ionospheric  plasma  under  the  influence  of  high-latitude  drivers  as  the  new  solar 
activity  cycle  begins  to  rise  from  its  initial  quiescence  toward  its  full  range  of 
dynami sm. 

Given  continued  health  of  HiLat's  retarding-potenti al  analyzer  and  ion  drift 
meter  and  continuation  of  the  flawless  performance  so  far  turned  in  by  its  energe¬ 
tic  electron  spectrometer ,  addition  of  Polar  BEAR 1 s  healthy  magnetometer  and  AIRS' 
unique  synoptic  capabilities  should  contribute  substantially  to  understanding  the 
source  mechanisms  and  evolution  of  the  irregularities  that  produce  scintillation 
of  the  signals  received  from  the  multi-frequency  beacons  carried  by  both  satel¬ 
lites.  This  understanding,  no  doubt,  will  continue  to  be  enhanced  by  contributions 
from  other  data  sources.  For  example,  AFGL's  extensive  instrumentation,  including 
ground-based  and  airborne  imaging,  of  the  polar  cap  may  be  expected  to  continue 
making  significant  contributions,  as  may  coherent  and  incoherent  backscatter 
radars  located  for  collaborative  observations  with  HiLat  and  Polar  BEAR. 

Finally,  interpretation,  synthesis,  and  application  of  HiLat/Polar  BEAR 
results  will  be  facilitated  greatly  by  the  continued  participation  of  plasma 
theorists  and  numericists  from  NRL  and  its  contractors  and  by  systems  specialists 
and  other  researchers  from  MRC  and  Berkeley  Research  Associates.  The  resources  and 
scientific  leadership  being  made  available  by  DNA  to  the  Science  Team  continue  to 
offer  its  members  exciting  opportunities  for  advancing  the  understandi nq  of 
plasma-density  irregularities,  their  development,  and  their  effects  on  radio¬ 
frequency  and  optical  systems. 
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